Abstract--Woolly erionite from the Reese River deposit, Nevada, is identical in appearance to that at the type locality, near Durkee, Oregon. Both of these erionites differ in appearance from all other erionite reported in the past 20 years from diverse rocks throughout the world which are described as prismatic or acicular in habit. The non-woolly erionites are especially common as microscopic crystals in diagenetically altered vitroclastic lacustrine deposits of Cenozoic age. The Reese River woolly erionite fills joints in gray to brownish-gray lacustrine mudstone of probably Pliocene age, in a zone about 1 m thick beneath a conspicuous gray vitric tuff. Compact masses of long, curly, woolly erionite fibers are in the plane of the joint and locally are associated with opal. Indices of refraction are co = 1.468 and e = 1.472; hexagonal unit-cell parameters are a = 13.186(2) ~, c = 15.055(1) ~, and V = 2267.1(0.9) ~3. A chemical analysis of woolly erionite yields a unit-cell composition of: Nal.01K2.84Mg0.sCal.69A18.18Si27.84072 ' 28.5 IH~O.
INTRODUCTION
"Woolly" erionite, a zeolite, is present in a recently discovered second known locality for this interesting morphological variant. The erionite is nearly identical in physical and chemical properties to the poorly exposed type material of Eakle (1898) but is quite different in its geological setting. This new discovery near Austin, in Churchill County, Nevada, may provide important data on the genesis and characteristics of a natural zeolite that elsewhere is economically important. Although "woolly erionite" is etymologicaily redundant--eptou = wool in Greek--the terminology is needed to distinguish this variety from the more common and abundant varieties.
Erionite was originally named and described by Eakle (1898) who unfortunately provided only a vague description of the type locality. More than a half century passed before L. W. Staples rediscovered the site, and additional specimens were available to supplement the dwindling supply of original material (Staples and Gard, 1959) . At the type locality near Durkee, Baker County, Oregon, the erionite occurs in thin seams in a gray, rhyolitic welded ash-flow tuff. Eakle named it erionite because of the woolly appearance of the material. Eakle's description of erionite is accurate and is repeated as follows: "The zeolite occurs as very fine threads, having a snow-white color and pearly luster. These threads resemble fine woolly hairs having the same curly nature and soft feel." Figure 1 , a scanning electron micrograph (SEM) of woolly erionite from Durkee, clearly shows the woolly fibers in ribbons and bundles that ravel and fray into aggregate bundles.
Prior to the late 1950's, the only confirmed occurCopyright 9 1981, The Clay Minerals Society rence of erionite was that from the type locality (Staples and Gard, 1959) ; however, in the last two decades, numerous discoveries oferionite have been reported from diverse rock types and geological environments and from many countries throughout the world. Most of the erionite occurs as microscopic acicular, prismatic crystals in altered silicic tufts, or less commonly as scattered clusters of megascopic crystals in cavities in mafic lavas. The most voluminous deposits of erionite are composed of micrometer-size crystals in altered tufts of late Cenozoic age (Deffeyes, 1959; Sheppard and Gude, 1969) . In many altered silicic tufts, the erionite appears to occur as single prismatic cyrstals when examined under the petrographic microscope; but when examined by scanning electron microscopy, the "single" crystals are bundles of acicular, prismatic crystals ( Figure 2 ). The erionite described herein is unusual in that it occurs in a lacustrine deposit and is nearly identical in appearance to the erionite from the type locality at Durkee (Figure 3 ). Individual fibers are less than 1 txm in diameter and 0.1-10 mm long. Most single strands occur in bundles that may be 10-20 txm thick.
No other verified occurrences of woolly erionite have been reported.
OCCURRENCE
The Reese River zeolite deposit, which is adjacent to the woolly erionite site, is about 50 km north of Austin, Nevada, and about 2 km northeast of Nevada State Highway 305 at the southwestern end of Carico Lake Valley (Figure 4) . Papke (1972) described the zeolite deposit discovered by Deffeyes (1959) , which is chiefly in unplatted secs. 26 and 35, T24N, R43E, and the rocks Figure I . Scanning electron micrograph of woolly erionite Figure 3 . Scanning electron micrograph of woolly erionite from the type locality at Durkee, Oregon.
from a joint in mudstone, Reese River, Nevada.
of the area as mainly lacustrine mudstone, tuffaceous mudstone, tuff, and minor sandstone and conglomerate of probable Pliocene age. Although the woolly erionite occurs about 0.7 km north of the area studied by Papke, the host rocks are part of the same lacustrine sequence that he described. The Reese River woolly erionite was discovered by H. Donald Curry in 1965 and brought to our attention by him in 1975.
The new locality for woolly erionite is on the south slope of a small barren hill in the NW 88188 of unplatted Sec. 26, T24N, R43E (lat. 39~ long.
117~
at an elevation of about 1620 m (5320 It), and about 0.25 km southeast of the Car]co Lake Valley Road. The erionite occurs chiefly as joint fillings in poorly exposed brownish-gray mudstone of unknown thickness stratigraphicallyjust beneath a l-m thick conspicuous gray vitric tuff. Woolly erionite is difficult to find in place unless an exposure of mudstone can be located. Scattered clots and felt-like plates ( Figure 5 ) as much as 5 cm across weather free from the soft mud- Figure 6. Erionite compositions in atomic percentages for Mg + Ca, Na, and K. Sample occurrences and references are given in Table 2 . Solid circles = woolly erionites; open circles = erionites from sedimentary rocks; plus signs = erionites from mafic lavas; short dashes enclose a field of 15 data points averaged at No. 1. Figure 7 . Erionite compositional variations shown by the ratios Si:(AI + Fe a+) and (Na + K):(Na + K + Mg + Ca). Sample occurrences and references are given in Table 2 . Solid circles = woolly erionites; open circles = erionites from sedimentary rocks; plus sign = erionites from mafic Iavas; short dashes enclose field of 15 data points averaged at No. 1. stone, travel down the slope, and can then be traced back upslope to a source just below the surficial debris.
Although the woolly erionite is most abundant in the interval of mudstone about a meter beneath the tuff, it also occurs sporadically at least 6 m below the tuffmudstone contact. The erionite also occurs more rarely in thin fracture fillings and inter-shard spaces within the lower few centimeters of the vitric tuff. The mudstone consists of smectite, calcite, quartz, and plagioclase. No zeolites, other than the erionite that fills fractures, have been detected in the mudstone by X-ray powder diffraction or by scanning electron microscopy.
CHEMICAL AND PHYSICAL PROPERTIES
One of the nearly monomineralic fibrous clots was scrubbed by ultrasonic treatment to remove adhering mudstone matrix. This clean mass was shredded and Sheppard and Gude (1973) Fifteen analyzed data points from three crystals are averaged as a single sample. chopped in a micromill to yield fine particulate material for analysis.
The chemical and physical properties of the woolly erionite from Reese River are given in Table I . These properties are also compared graphically with data for 28 selected erionites from 25 other localities (Table 2 and Figures 6-9 ). Ten localities are in mafic lavas (principally basaits), one is in a marine andesitic tuff, and the remaining 15 sites are in fluviatile and lacustrine sedimentary rocks that originally consisted chiefly of silicic glass. The chemical difference within a zeolite species is influenced by the composition of the fluids resulting from rock-water interactions, and in most observed cases at nonhydrothermal, low temperaturepressure conditions.
The properties of the Reese River woolly erionite (labeled "RR") are shown in the four diagrams discussed below and are within the known limits of properties of erionites from the various sedimentary environments, whereas the Durkee woolly erionite has characteristics of a mafic lava heritage. It should also be noted that the chemical and physical properties of erionites, as well as of other zeolites, vary as much among specimens collected at the same locality (see Nos. 8 and 10, 20 and 23, 22 and 27) as they do among samples from widely separated deposits.
The ternary diagram (Figure 6 ) shows the cation compositions of the 28 erionites selected from the references (Table 2 ) and the Reese River woolly erionite (RR). In general, the samples from sedimentary rocks are enriched in alkali ions and plot in the lower part of the diagram. The Reese River erionite is one of the more potassium-rich specimens and plots in a diffuse region between the two rock-type categories. The Durkee woolly erionite (Nos. 8 and 10), however, is among the potassium-poor samples. Note that the field of erionite data is bounded by potassium compositions of 25% K and approximately 60% K. The maximum amount of either Na or of Mg + Ca is thus about 75%.
The cation chemistry shown in Figure 6 reaffirms a suggestion by Sheppard and Gude (1969) that the relatively narrow range in potassium content may be imposed by structural requirements. Subsequent crystalstructure determinations by Tait (1971, 1972) were summarized in their 1972 paper as follows: "... each cancrinite-type cavity contains one K ion that cannot be removed or replaced without disrupting the frame .... This explains the narrow range of K content in erionite and offretite noted by Sheppard and Gude .... " Breck (1974, p. 79 ) stated "... potassium... is locked within the structure in positions in which it is not free to move." In Figure 7 , the chemical components, other than water, are shown as ratios of the cations, (Na + K):(Na + K + Mg + Ca), and the framework elements, Si:(AI + Fe3+). The clear trend on this diagram, upward and toward the right, denotes the effect of the host rocks on the chemistry of the erionites. Erionites from mafic lavas are more aluminous and more alkalineearth rich than are erionites from the sedimentary rocks where the silicic vitric tuffs alter to silica-rich and alkali-rich erionites. A Si:(AI + F& +) ratio of about 3.2 separates the major environments of deposition. Noticeable exceptions are the New Zealand marine andesitic tuff(No. 3) and the two Durkee woolly erionite specimens (Nos. 8 and 10). Both of these occurrences have probable sources in mafic rocks, as noted above in the discussion of Figure 6 . Woolly erionite (RR) with a ratio of 3.39 is well within the siliceous sedimentary rock-type field.
X-ray diffraction data have been published for only 16 of the 29 erionites in the compilation. Figure 8 is a The available unit-cell data as plotted show two clusters that represent erionites from mafic lavas and sedimentary rocks. If additional unit-ceU data were available for all the chemically analyzed erionites, the clusters would probably coalesce and fill the gap between the field. Thus, a continuous band would extend upward and toward the right in Figure 8 . The Reese River woolly erionite (RR) has the smallest volume (2267.1 ,~3) and the smallest value for a (13.186 A). The type woolly erionite from Durkee has properties that match those of erionite samples from mafic lavas even though it is found in a rhyolitic welded ash-flow tuff in specimens culled from a long-abandoned and in-accessible fire-opal mine. The tuff itself is at the base or in the lower part of a lacustrine sequence that unconformably overlies scattered thin basalt flows. Inasmuch as no information is available on the exact position of the erionite seams in the mine, one can only infer that the source solutions for the erionite may have been derived from a concealed basaltic body.
The combined Si:(AI + Fe 3+) ratio and unit-cell volume data shown in Figure 9 reinforce the observations from the preceding diagrams. Silica-rich, small unit-cell erionites are found in tuffaceous sedimentary host rocks, whereas less siliceous, magnesium-calcium enriched, larger unit-cell erionites occur in mafic lavas.
Neither chemical nor physical properties distinguish woolly erionite from other erionites. However, the influence of the host rock on all the erionites is clear. Siliceous tuffaceous sediments yield alkali-, and silicarich, small unit-cell erionites, whereas mafic lavas host more aluminous erionites with larger unit cells, Although the gray vitric tuff at Reese River is the most likely source for the constituents that ultimately formed the erionite, a problem still remains. Why does the erionite form as woolly crystal masses here and at Durkee rather than the common prismatic, acicular variety found in abundance elsewhere?
